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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve power generation efficiency at the 
startup and to thaw ice in a fuel cell device at a low temperature such as 
the freezing point, in a fuel cell device for feeding the air to a fuel cell at 
normal pressure. 

SOLUTION: For this fuel cell device provided with the fuel cell 1 and an air 
feeding means 30 for feeding the air to the air electrode thereof at normal 
pressure, a temperature sensing means 5 for sensing the temperature of 
the fuel cell, and an air heating means 60 for heating the fed air based on 
the temperature sensed thereby. Since the fuel cell is warmed by the fed 
air, high heating capability can be set without increasing the size of the 
device, the power generation efficiency at the startup can be improved and 
a warming period for thawing the ice in the device can be reduced. 
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* NOTICES * 

Japan Patent: Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Fuel cell equipment characterized by establishing a temperature detection means to detect the temperature of 
the aforementioned fuel cell cell, and an air heating means to heat a supply air based on the temperature of the fuel cell 
cell detected by this temperature detection means, in fuel cell equipment equipped with a fuel cell cell and an air supply 
means to supply air to the air pole of this fuel cell cell. 

[Claim 2] The aforementioned air supply means is fuel cell equipment according to claim 1 characterized by being a 
rotation fan. 

[Claim 3] The aforementioned temperature detection means is fuel cell equipment according to claim 1 or 2 
characterized by detecting the temperature of the eccrisis air from a fuel cell cell. 

[Claim 4] The aforementioned temperature detection means is fuel cell equipment according to claim 1, 2, or 3 
characterized by detecting the temperature of the supply air to a fuel cell cell. 

[Claim 5] The aforementioned air supply means is fiiel cell equipment of a claim 1-4 given in any 1 term characterized 
by controlling the amount of a supply air based on the temperature of the fuel cell cell detected by the temperature 
detection means. 

[Claim 6] The aforementioned air heating means is fuel cell equipment of a claim 1-5 given in any 1 term characterized 
by controlling the amount of heating of a supply air based on the temperature of the fuel cell cell detected by the 
temperature detection means. 

[Claim 7] It is fuel cell equipment according to claim 1, 2, or 3 with which it had a water supply means to supply water 
to the front face of the air pole of the aforementioned fuel cell cell in the state of a liquid, and this water supply means 
has been arranged between an air heating means and a fuel cell cell. 

[Claim 8] In the operating method of fuel cell equipment which heats a supply air by the air heating means according to 
the temperature of the fuel cell cell detected by the temperature detection means, supplying air to the air pole of a fuel 
cell cell by the air supply means The operating method of the fuel cell equipment characterized by stopping the 
operation of the aforementioned heating means when operating the aforementioned heating means when the temperature 
of the fuel cell cell detected by the aforementioned temperature detection means is less than setting minimum 
temperature, and exceeding setting upper limit temperature. 

[Claim 9] The operating method of the fuel cell equipment according to claim 8 characterized by giving a predetermined 
temperature gradient between the aforementioned setting upper limit temperature and setting minimum temperature. 
[Claim 10] The operating method of the fuel cell equipment according to claim 8 or 9 characterized by starting power 
generation of a fuel cell if the temperature of the fuel cell cell detected by the aforementioned temperature detection 
means turns into the minimum temperature which can be fuel cell generated. 

[Claim 1 1] The aforementioned minimum temperature which can be fuel cell generated is the operating method of the 
fuel cell equipment according to claim 1 0 characterized by being low temperature from setting minimum temperature. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the technology of making a fuel cell 

generating efficiently at the time of low temperature, about fuel cell equipment and its operating method. 

[0002] 

[Description of the Prior Art] There is a thing using a solid-polymer-electrolyte film as one form of a fuel cell. Since the 
fuel cell of this form has small generation of heat by the power generation loss, while the generating efficiency in 
ordinary temperature is good, at low temperature, a generating efficiency has the property of becoming extremely low. 
Therefore, this fuel cell is difficult to demonstrate power generation capacity sufficient immediately after starting in the 
cold machine state. 

[0003] About the correspondence to such a cold machine state, conventionally, the circulating cooling water of fuel cell 
equipment is heated, and there is technology which carries out warming up of the fuel cell using this. As one of them, 
cooling water is heated, it is the method of supplying and carrying out warming up to a fuel cell, for example, with the 
technology of the indication to JP,7-94202,A, the storage-of- water tank of a cooling- water-flow system is made to carry 
out the viscus of the heater, and this heater is operated by the electric power supply from a rechargeable battery or a fuel 
cell at the time of starting. Moreover, there is also a method of sending and carrying out warming up of the air warmed 
by the heat accompanying the adiabatic compression of an air supply compressor as other methods in the fuel cell 
equipment which takes the air supply method of a pressure type. 
[0004] 

[Problem(s) to be Solved by the Invention] However, with the technology which heats the above-mentioned cooling 
water and is supplied to a fuel cell, the heat capacity of a cooling medium and a cooling system is large, and in order to 
warm the whole fuel cell cell moreover, the power which pre-heating takes becomes large. Moreover, since it has the 
cooling circulatory system, the whole stack and whole system of a fuel cell cell become large-sized. On the other hand, 
by the method which carries out warming up with the heat accompanying adiabatic compression, the air content which 
can be supplied has a limit from it being a pressurization method, and the amount of heating is small. Moreover, supply- 
air temperature becomes high, an elevated temperature portion is made locally, and there is fear of breakage of an 
electrode, an electrolyte film, and a sealant. 

[0005] Then, in the fuel cell equipment which supplies air to a fuel cell cell, this invention is carrying out warming up of 
the fuel cell equipment by the supply air, and sets it as the 1st purpose to offer the equipment which the generating 
efficiency of the fuel cell at the time of starting is raised, or thaws the water in the equipment under [, such as the 
freezing point, ] low temperature. Next, this invention sets it as the 2nd purpose to offer the operating method which the 
generating efficiency of the fuel cell at the time of starting is raised, or thaws the water in the equipment under [, such as 
the freezing point, ] low temperature in the above-mentioned fuel cell equipment. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention considers as 
composition that a temperature detection means to detect the temperature of the aforementioned fuel cell cell, and an air 
heating means to heat a supply air based on the temperature of the fuel cell cell detected by this temperature detection 
means were established in fuel cell equipment equipped with a fuel cell cell and an air supply means to supply air to the 
air pole of this fuel cell cell. 

[0007] As for an air supply means, in the above-mentioned composition, considering as a rotation fan is effective. 
[0008] As for a temperature detection means, in the composition of one of the above, it is effective to consider as the 
composition which detects the temperature of the eccrisis air from a fuel cell cell. 

[0009] Or the above-mentioned temperature detection means is good also as composition which detects the temperature 
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of the supply air to a fuel cell cell. 

[0010] Moreover, in the composition of one of the above, the air supply means is still more effective, if the composition 
which controls the amount of a supply air based on the temperature of the fuel cell cell detected by the temperature 
detection means is taken. 

[001 1] Moreover, as for an air heating means, in the composition of one of the above, it is also effective to take the 
composition which controls the amount of heating of a supply air based on the temperature of the fuel cell cell detected 
by the temperature detection means. 

[0012] Furthermore, in the composition of one of the above, it has a water supply means to supply water to the front 
face of the air pole of a fuel cell cell in the state of a liquid, and, as for this water supply means, it is also effective to 
take the composition arranged between an air heating means and a fuel cell cell. 

[001 3] Next, it is set to the operating method of fuel cell equipment which heats a supply air by the air heating means 
according to the temperature of the fuel cell cell detected by the temperature detection means, this invention supplying 
air to the air pole of a fuel cell cell by the air supply means. When the temperature of the fuel cell cell detected by the 
aforementioned temperature detection means is less than setting minimum temperature, the aforementioned heating 
means is operated, and when exceeding setting upper limit temperature, it considers stopping the operation of the 
aforementioned heating means as composition. 

[0014] In the above-mentioned method, it is effective to make it the composition which gave the predetermined 
temperature gradient between setting upper limit temperature and setting minimum temperature. 
[001 5] In the method of one of the above, if the temperature of the fuel cell cell detected by the temperature detection 
means turns into minimum temperature which can be fuel cell generated, constituting [ which starts power generation of 
a fuel cell ] is effective. 

[0016] As for the minimum temperature which can be fuel cell generated, in the method of one of the above, it is 

effective to consider as low temperature from setting minimum temperature. 

[0017] 

[Function and Effect of the Invention] With the composition of the claim 1 aforementioned publication, warming-up 
time which high heating capacity can be set up, and the generating efficiency of the fuel cell at the time of starting is 
raised by that cause, or thaws the ice in the equipment under [, such as the freezing point, ] low temperature can be 
shortened by heating the air supplied to a fuel cell cell according to the temperature of a fuel cell cell, without causing 
enlargement of equipment, since warming up of the fuel cell cell can be carried out by the supply air. 
[0018] And if it is composition according to claim 2, since reservation of the flow rate of a supply air will become easy 
compared with the air supply of a pressure type, sufficient heating capacity according to the temperature of a fuel cell 
cell can be obtained also at the time of low temperature. 

[0019] Furthermore, if it is composition according to claim 3, exact heating according to temperature can be performed 
by detecting the temperature of a fuel cell cell at the temperature of the eccrisis air reflecting the reaction state. 
[0020] Moreover, if it is composition according to claim 4, the temperature of a fuel cell cell can be controlled more 
now by detecting the temperature of the supply air to a fuel cell cell to fitness, and, thereby, starting, the freezing point, 
etc. of a fuel cell can thaw the ice in the equipment under low temperature quickly by it. 

[0021] Furthermore, if it is composition according to claim 5, since adjustment also of control of the amount of supply 
according the temperature of a supply air to an air supply means will be attained under heating by the air heating means, 
the control which makes temperature of a fuel cell cell a predetermined value becomes easier. 
[0022] Moreover, if it is composition according to claim 6, since adjustment will become possible to the air content 
supplied by the air supply means by control of the amount of heating according the temperature of a supply air to an air 
heating means, the control which makes temperature of a fuel cell cell a predetermined value becomes easier. 
[0023] Furthermore, if it is composition according to claim 7, since it can warm by the supply air by which the water 
supplied to the front face of the air pole of a fuel cell cell was also heated, the control which makes temperature of a fuel 
cell cell a predetermined value further becomes easy. 

[0024] Next, if it is composition according to claim 8, operation which maintains the temperature of a fuel cell cell 
within the limits of setting minimum temperature and setting upper limit temperature with the simple on-off control of a 
heating means will be attained. Thereby, without causing enlargement of equipment, the generating efficiency of the 
fuel cell at the time of starting can be raised, or the ice in the equipment under [, such as the freezing point, ] low 
temperature can be thawed. 

[0025] And if it is composition according to claim 9, the instability of a temperature control can be prevented by giving 
predetermined width of face between setting upper limit temperature and setting minimum temperature. 
[0026] Moreover, if it is composition according to claim 10, operation of a fuel cell can be made to be able to start 
quickly from the minimum temperature which can be generated, and the energy loss by heating of a supply air can be 
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Drevented. 

0027] Moreover, if it is composition according to claim 11, since setting minimum temperature will turn into 
emperature higher than the minimum temperature which can be fuel cell generated, a fuel cell can prevent the energy 
oss by heating of the unnecessary supply air from the stage not to start power generation. 
0028] 

Embodiments of the Invention] Hereafter, the operation gestalt of this invention is explained with reference to a 
drawing. Drawing 1 shows the system configuration of the fuel cell equipment concerning 1 operation gestalt of this 
invention. The fuel-supply system 2 which this equipment heats the hydrogen absorption warehouse alloy (MH) of the 
hydrogen tank 20 with a heat exchanger 21 to the fuel electrode which the fuel cell cell (Fuel Cell) 1 and the fuel cell 
cell 1 do not illustrate, and supplies the hydrogen as fuel gas, It has the air supply system 3 which supplies the air as 
oxidization gas to the air pole which the fuel cell cell 1 does not illustrate, and the water supply system 4 which supplies 
water to the fuel cell cell 1 as a main component. Furthermore, according to the feature of this invention, a temperature 
detection means 5 to detect the temperature of the fuel cell cell 1, and an air heating means 6 to heat a supply air based 
on the temperature of the fuel cell cell 1 detected by the temperature detection means 5 are established. 
[0029] The air supply means 30 of the air supply system 3 is constituted from the rotation fan (henceforth an air supply 
fan) who supplies air by the ordinary pressure by this gestalt. Moreover, let the temperature detection means 5 be the 
temperature sensor which detects the temperature T3 of the eccrisis air of the fuel cell cell 1 . Furthermore, the water 
supply means 40 in the water supply system 4 of this equipment shall consist of water-injection nozzles, shall be 
arranged between the air heating means 6 and the fuel cell cell 1, and water shall be supplied to it by the front face of 
the air pole of the fuel cell cell 1 in the state of a liquid. 

[0030] An air heating means 6 to heat a supply air based on the temperature of the fuel cell main part 1 consists of 
heaters 60, this heater 60 is connected to the battery 7 as a rechargeable battery which constitutes the drive power supply 
of incidental facilities, and on-off control of it is made possible by opening and closing of the relay 61 inserted in the 
connection circuit. Moreover, other relays 1 1 are inserted in the circuit which connects the external load R which 
consists of a motor of the fuel cell cell 1 and inverter control etc., and control of the air heating means 6 and related 
control of this relay 1 1 are enabled. 

[003 1] As and it is shown in it, the fuel cell cell 1 is held in the case 10. [ drawing 2 ] [ the connection relation between 
the fuel cell cell 1 and the air supply system 3 ] [ **] [ type ] The fuel cell cell 1 is constituted as a stack which carried 
out the laminating set, where each cell module of a tabular with the length (lengthwise size) of the flow direction of air 
shorter than the length (longitudinal direction size) of the direction which crosses the flow of air is stood. Each cell 
module is considered as the composition which pinched further what pinched the solid-state polyelectrolyte by the fuel 
electrode and the air pole with the separator of carbon black. And the fuel electrode of each cell module is connected to 
introductory piping of hydrogen gas through the through-hole which crosses a module, and the air pole is considered as 
the composition opened in the case 10 through the air introduction slot of the marginal part of each module. It connects 
with the manifold 3 1 and the termination of a manifold 3 1 is carrying out opening of the air supply means 30 and the 
case 10 to the upper part of a case 10. The lower part of a case 10 is connected with the heat exchanger 21 shown in 
drawin g 1 through the jet pipe 12. Two or more water-injection nozzles 40 are arranged so that water may be 
horizontally injected in the upper part of a case 10 with the sense which crosses the flow of a supply air. 
[0032] As the hydrogen supply bulb 22 is opened, the air supply fan 30 is started while supplying the hydrogen which 
carried out occlusion to the hydrogen storing metal alloy as fuel gas to the fuel electrode of the fuel cell cell 1, and an 
arrow shows to drawin g 2 , the fuel cell equipment which consists of such composition Air is made to attract from the 
air supply fan 30, a part of supply air is supplied to the air pole of the fuel cell cell 1 as oxidization gas by the operation 
sent into a case 10 by air manifold 31 course, and power generation is performed. In the state of this power generation, 
supply of the water to the fuel cell cell 1 is intermittently performed in the upper part of a case 10 by continuation or 
making water inject from the water-injection nozzle 40 of a water supply system if needed mainly for cooling. The 
heated air which escaped from the fuel cell cell 1 within the case 10 goes into a heat exchanger 21 (refer to dravdng„l 
hereafter) through a duct 12, is dehumidified by the water condenser which carries out heat transfer to the hydrogen 
storing metal alloy (MH) of the hydrogen tank 20 and which is not illustrated there, and, finally is discharged from a jet 
pipe. 

[0033] In order to make the fuel cell under [, such as the time of starting, or the freezing point, ] low temperature 
generate efficiently especially, in the fuel cell equipment with which air is supplied to the fuel cell cell 1 by the air 
supply fan 30 by the ordinary pressure as mentioned above, it is necessary to heat fuel cell equipment and to thaw the 
ice in equipment. Then, an operation control which is stated to the following according to this invention is performed. 
[0034] Drawing 3 is a flow chart which shows the content of the warm-up at the time of starting. It shall be started by 
ON of an ignition switch and this flow starts the air supply to the fuel cell cell 1 by the air supply fan's 30 ON at the 
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original step SI . Subsequently, Step S2 opens the hydrogen supply bulb 22, supply of hydrogen is started, and the 
judgment of the air-outlet temperature T3 on the basis of the setting minimum temperature (henceforth the setting 
temperature 1) as heater warming-up start temperature defined beforehand is started by Step S3 based on the detection 
value of the temperature detection means 5. By this judgment, when the air-outlet temperature T3 is less than one setting 
temperature, operation in the following warming-up modes is started. 

[0035] If it goes into operation in warming-up mode, a heater 60 will be operated by ON of relay 61 by step S4, and it 
will supervise by comparison with the setting temperature 2 as minimum temperature as which this also determined the 
air-outlet temperature T3 beforehand by the following step S5 and which can be generated. If having exceeded the 
setting temperature 2 by surveillance judgment of Step S5 is checked, fuel cell power generation will be started by ON 
of the relay 1 1 by Step S6, and it will supervise shortly by the following step S7 further by comparison with the setting 
upper limit temperature (henceforth the setting temperature 3) as heater warming-up end temperature which defined the 
air-outlet temperature T3 beforehand. The relation of each above-mentioned setting temperature is the minimum 
temperature which can be fuel cell generated. - Since it is 30degreeC-10degreeC, one is made higher than the minimum 
temperature which can be fuel cell generated about [ with a degrees / C-10 degrees / of with a setting temperature of -30 
degrees ] by C, and, as for the setting temperature 3, it is desirable to consider as about C setting 1+2-degree 
temperature. Therefore, between each setting temperature, the relation of the setting temperature 2< setting temperature 
1< setting temperature 3 is materialized. Moreover, the predetermined temperature gradient is given for securing the 
stability of the on-off control of a heater 60 between the values of the setting temperature 1 and the setting temperature 
3. If having exceeded the setting temperature 3 by surveillance judgment of Step S7 is checked, by Step S8, the 
operation of a heater 60 will be stopped by OFF of relay 61, and it will usually shift to operation. When judgment of the 
air-outlet temperature T3 of Step S3 is one or more abortive setting temperature the middle, it usually shifts to operation 
directly, without operating warming-up mode. 

[0036] Thus, after being in a steady state through the control at the time of ON of the original ignition switch, control at 
the time of the stationary shown in following drawing 4 is performed. Drawing 4 is a flow chart which shows the 
content of the warm-up at the time of a stationary. This flow judges whether a heater 60 is operating by the ON judging 
of relay 61 by the original step S9. Since this judgment becomes abortive at the beginning, it progresses to Step 10 and 
judges whether the air-outlet temperature T3 is less than one setting temperature. This setting temperature may be the 
same as the previous setting temperature 1 , and is good also as a setup which is different according to conditions 
differing in the time of starting and a stationary. If this judgment is materialized, by the following step S 1 1 , a heater 60 
will be operated by ON of relay 61, and a return will be carried out. And since judgment of step S9 comes to be 
materialized from a next routine, it judges whether the air-outlet temperature T3 exceeded the setting temperature 3 by 
Step SI 2 this time. It may be the same as the previous setting temperature 3 also about this setting temperature 3, and is 
good also as a different setup. Since this judgment becomes abortive at the beginning, a return is carried out as it is. The 
return of the operation of a heater 60 is stopped and carried out, using relay 61 as off by Step S 13 in the place where 
judgment of Step SI 2 was materialized soon. This subsequent routine will perform temperature maintenance shown in 
drawing . 5 which is operation / halt control of the heater 60 by turning on and off of relay 61, and maintains the air- 
outlet temperature T3 between the setting temperature 1 and the setting temperature 3 a condition [ the chill state where 
the air-outlet temperature T3 turns into less than one setting temperature ]. 

[0037] In this way, supplying air to the air pole of the fuel cell cell 1 by the air supply fan 30 according to this 1st 
operation gestalt In the fuel cell equipment which heats a supply air at a heater 60 according to the temperature of the 
fuel cell cell 1 detected by the temperature detection means 5 When the temperature T3 of the fuel cell cell 1 detected 
by the temperature detection means 5 is less than the setting temperature 1 , a heater 60 is operated, and when exceeding 
the setting temperature 3, operation which stops a heater 60 is performed. And on the occasion of the above-mentioned 
operation, control which predetermined width of face (it sets in this operation gestalt and is about [ 2 degrees ] C) was 
maintained between the setting temperature 3 and the setting temperature 1, and was stabilized is performed. Moreover, 
in this operation, if the temperature T3 of the fuel cell cell 1 detected by the temperature detection means 5 turns into the 
setting temperature 2 made to correspond to the minimum temperature which can be fuel cell generated, power 
generation of a fuel cell will be started. This minimum temperature that can be fuel cell generated is low temperature 
from the setting temperature 1 . 

[0038] Although this invention was materialized in the above-mentioned 1st operation gestalt by the simplest method 
that carries out on-off control of the heater 60 according to temperature conditions chiefly, the temperature of the fuel 
cell cell 1 is controllable by changing supply air volume also under heating by setting a heater 60 to ON. Then, the 2nd 
operation gestalt which controls supply air volume is explained under a heater ON state below. 
[0039] Drawing 6 shows the system configuration of the 2nd operation gestalt. Since the basic composition of this 
system is the same as that of the aforementioned 1st operation gestalt, difference is mainly explained below. In addition, 
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llustration of a water supply system is omitted in drawing 6 . With this gestalt, it replaces with the relay for heater 
jontrol of the previous 1 st operation gestalt, and the power equalization circuit 8 which carries out related control of the 
lir supply fan 30 and the heater 60 is formed. Moreover, temperature detection meanses 5A and 5B to detect the air 
emperature Tl of the entrance side of the air supply fan 30 who reflects outside air temperature for this related control 
ind the temperature T2 of the outlet side of a heater 60, i.e., the air temperature of a fuel cell entrance side, are added. 
0040] Draw ing 7 is a flow chart which shows the content of the warm-up at the time of starting in this gestalt. This 
low is also started by ON of the air supply fan 30 by Step SI. At the following step S2, it judges whether it is a low, the 
emperature, i.e., the low-limit-setting temperature, for starting the heater 60 at which the air-outlet temperature T3 was 
;et up beforehand. At the time of the low temperature at which this judgment is materialized, a heater 60 is operated by 
Step S3. The following step S4 is amount of heating **t from the difference of the air supply fan inlet temperature Tl 
ind a target fuel cell entrance air temperature (it is called T2 aim value). It is the processing for which it asks. This T2 
lim value is a fixed value set up as temperature which was most suitable for a fuel cell being supplied, for example, is 
set about [ 10 degrees C-30 degrees ] to C. In order to determine the air flow rate supplied from the air supply fan 30 at 
[he following step S5, it is required air-flow-rate (g/s) = heater calorific value (J/s)/(**t(K) x excess-air-ratio heat (J/g- 

******** Here, since heater calorific value is control of turning oh and off, a fixed value and excess-air-ratio heat are 
1 .0 (J/g-K). It may be necessary to put a correction factor k into the above-mentioned formula. Then, it is required air- 
flow-rate (g/s) =kx heater calorific value (J/s)/(**t(K) x excess-air-ratio heat (J/g-K)). 

It becomes. In this way, the obtained required air flow rate determines the supply voltage of air supply fan 30 HE at the 
following step S6. And air supply fan 30 HE power is supplied at Step S7. 

[0041] In this way, by Step S8, it judges whether the fuel cell entrance air temperature T2 has reached T2 aim value (T2 
aim value-T2> 0). Since the fuel cell entrance air temperature T2 will be too low when this judgment is formation, an air 
flow rate is reduced at the following step S10 (according to xP gain, an air flow rate is reduced in practice (T2 aim 
value-T2)). case a judgment according to Step S8 on the other hand is abortive - step S9 - T2 aim value-T2<0 
******** _ j t j uc jges Since the fuel cell entrance air temperature T2 will be too high when this judgment is 
materialized, an air flow rate is increased at Step SI 1 (according to xP gain, an air flow rate is increased in practice (T2 
aim value-T2)). It supervises whether the bottom of such control was arrived at at Step SI 2 at the temperature which 
stops the heater 60 at which the air-outlet temperature T3 was set up beforehand, i.e., setting upper limit temperature. 
The processing after step S4 is repeated until this surveillance judgment is materialized. And it progresses to Step SI 3 in 
the place where judgment of Step S12 was materialized, a heater 60 is made off, and it usually shifts to operation. 
[0042] In the state of supply-air- volume regularity, the same control as the above-mentioned 2nd operation gestalt can 
also be conversely performed by control of the calorific value of a heater 60. Then, the 3rd operation gestalt which next 
takes such a control gestalt is explained. Since it becomes what transposed control of the amount of air supply of the 
2nd operation gestalt of the real above to control of heater calorific value, the content of control in this case attaches the 
step number same about the 2nd operation gestalt and a corresponding step, replaces it with explanation, about the step 
of the portion equivalent to replacement, gives "'" to the same number and explains it below. 
[0043] In order to determine the calorific value supplied from a heater 60 at Step S'5 in this operation control, it is 
heater calorific value (J/s) = air-flow-rate (g/s) x (**t(K) x excess-air-ratio heat (J/g-K)). 

******** Here, the fixed value and excess-air-ratio heat with which especially an air flow rate does not control are 1.0 
(J/g-K). It may be necessary to put a correction factor k into an upper formula also in this case. Then, it is heater 
calorific value (J/s) =kx air-flow-rate (g/s) / (**t(K) x excess-air-ratio heat (J/g-K)). 

It becomes. The following step S'6 is processing which determines the supply voltage to a heater 60 with heater calorific 
value. Moreover, Step S7 is processing which supplies heater 60 HE power. Furthermore, Step S ! 10 serves as 
processing which increases the supply voltage of heater 60 HE (according to xP gain, a supply voltage is increased in 
practice (T2 aim value-T2)). Step S'l 1 serves as processing which reduces the supply voltage of HITAHE (a supply 
voltage is reduced according to xP gain in practice (T2 aim value-T2)) similarly. 

[0044] As concrete composition of the air heating means 60 in each above-mentioned operation gestalt, as shown in 
drawin g 2 , it allots at the place of the air supply fan ! s 30 outlet, the structure of heating the passing air directly is 
common, and the method of securing a touch area is effective, allotting heating wire the letter of meandering, or in the 
shape of a whorl in this case, and preventing the increase in a pressure loss. As other structures, as shown in drawing_9 , 
it is effective in respect of reduction of the air heating means 60 of the structure of the water-injection nozzle 40 of the 
air supply manifold 31 of arranging in the upper part further and heating a supply air of a pressure loss, and 1 method 
also considers as the structure which spread heating wire around in the shape of a grid in this case. Naturally, other 
methods of heating a supply air can also be taken. 

[0045] By heating the air supplied to the fuel cell cell 1 according to the temperature of the fuel cell cell 1 by the 
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)rdinary pressure according to the fuel cell equipment of each aforementioned operation gestalt, as explained in full 
ietail above Warming-up time which high heating capacity can be set up, and the generating efficiency of the fuel cell 
it the time of starting is raised by that cause, or thaws the ice in the equipment under [, such as the freezing point, ] low 
:emperature can be shortened without causing enlargement of equipment, since warming up of the fuel cell cell 1 can be 
carried out by the supply air. As a pressurization compressor and an ordinary-pressure fan compare the amount of 
leating at the time of making it air supply temperature become below a upper limit especially and it is shown in drawing 
10 , the amount of heating becomes advantageous in that air can be sent in large quantities under few power compared 
with a pressurized type fuel cell in proportion to an air flow rate and temperature in the case of the large ordinary- 
pressure air supply type fuel cell like a bird clapper to each aforementioned operation gestalt. Moreover, since the 
configuration of separator is short to the airstream way lengthwise, compared with a method with long passage length to 
which general passage bent and which is spiral, the temperature distribution in the fuel cell cell 1 become small. 
Moreover, in an internal manifold type, since the entrance of an airstream way has taken [ the entrance portion ] the 
external manifold method with this gestalt to being warmed intensively for the narrow reason, heating can do a fuel cell 
cell efficiently equally. 

[0046] As mentioned above, although this invention was explained in full detail with reference to the specific operation 
gestalt, based on the matter of a publication, further various alterations are possible for this invention to a claim, without 
being limited to this gestalt. For example, a temperature detection means to detect the temperature of a fuel cell cell may 
carry out direct detection of the temperature of the separator of a fuel cell cell. Moreover, as a stage to perform heating 
operation, an OAT can also use for the moisture removal in the stack of a fuel cell cell by warm air as a time of the 
shutdown of not only a low case but a fuel cell at the time of low-temperature starting mentioned to the operation gestalt 
(freezing point environment) (when there is fear of a freeze at supply temperature). Furthermore, about the content of an 
operation control, control of the supply air volume of the 2nd operation gestalt and control of the amount of heating of 
the 3rd operation gestalt should be combined. 
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